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TELEVISION  FILM  PROJECTION  AND  A  VIDEO  RECORDING  SYSTEM 
WITH  OPTICAL  DOUBLING  OF  THE  SCANNING  RASTER* 

[Following  is  a  translation  of  an  article  "by  A.  A.  Gol' din 
•  and  D.  A.  Taranets  in  the  Russian  periodical  Tekhnika_£ino 
i  televideniya  (Motion- Picture  and  Televis ion  Jlechno logy), 

Vol.  3,  No.  11 ,  November  1959*  Moscow,  pages  25-33* J 

'Existing  systems  of  TV  film  projection  and  video  recording  are 
classified.  The  prospective  direction  of  developments  of  sue  sys  ems 
are  indicated.  A  new  system  which  can  be  used  i or  ^ 

color  TV  film  projection  or  for  video  recording  on  movie  film  is  -x- 

ammed.^  ent  in  the  universal  engineering  practice  not  a  single 
tr«nd  in  equipment  development  for  TV  projection  and  video  recording  has 
evolved.  A  great  number  of  systems,  differing  from  one  another  in  de¬ 
sign  ana  principle,  have  been  created  by  various  firms,  but  not  on-  of 
these  systems  completely  satisfies  the  established  requiremen  s*  ® 
absence  of  a  single  developmental  trend  and  the  varietyo.tnecreated 
installations  are  explained  by  the  different  standards  of  scanning  in  a 
number  of  countries  as  well  as  by  a  number  of  difficulties  in  principle 
to  which,  in  the  first  instance,  belong  the  following: 

(1)  various  frame  speeds  in  movies  and  television; 

(2)  short  duration  of  the  field  quenching  pulse  (according  to 
USSR  television  standards  the  duration  of  this  pulse  should  not  ^-e  more 

than  kio  of  the  frame  speed  period).  .  _  , . 

The  first  circumstance  does  not  entail  any  substantial  complica¬ 
tions  for  the  USSR  and  European  countries,  because  as  a  result  of  tne 
small  difference  in  frame  speeds  it  is  possible  to  project  film  ia syn¬ 
chronization  with  television  scanning  without  any  ncticeaole  disturbance 
of  sound  tonality  and  rhythm  of  motion.  For  countries  whose  television 
standards  provide  for  a  speed  of  60  fields  per  second,  synchronized  pro- 

lection  is  unacceptable*  „  .  . 

The  second  circumstance  is  due  to  the  fact  *chat  the  film  transpoit 

mechanism  of  standard  movie  projectors  and  cameras  does  not  allow  the 
scanning  of  two  television  fields  during  the  time  the  film  is  no.  in  mo¬ 
tion.  Therefore  the  transmission  of  movie  film  by  a  simple  combination 
of  a  theater  movie  projector  and-  a  studio  television  camera,  and  also  video 
recording  by  photographing  the  image  from  the  screen  of  a  monitor  by  ^  . 
means  of  a  synchronized  movie  camera,  cannot  be  successfully  accomp  s  e 
Depending  on  the  method  of  film  advance  by  the  transport  mechanise 
all  existing  systems  are  subdivided  into  systems  with  interrupted  and 
continuous  (smooth)  film  movement. 


*The  TV projector  featuring  optical  doubling  of  the  scanning  raster 
which  is  mentioned  in  this  article  is  being  used  to  demonstrate  TV  color 
films  at  the  Exhibition  of  the  Achievements  of  the  National  Economy  of 
the  USSR  (1959)* 


In  turn,  sys terns  with  interrupted  motion  according  to  the  prin¬ 
ciple  of  solving  the  problem  of  matching  the  film  advance  with  the 
operation  of  vertical  TV  scan,  can  be  divided  into  the  following  groups: 

1.  A  group  of  systems  in  which  matching  of  interrupted  film  mo¬ 

tion  with  the  scanning  operation  is  achieved,  but  with  the  loss  of  Some 
useful  information.  . 

TV  film  projectors  belonging  to  this  group  operate  with  field 
quenching  pulses  whose  duration  is  increased  up  to  the  time  required  for 
film  advance.  On  account  of  their  simplicity,  similar  devices  are  some¬ 
times  used  for  laboratory  purposes,  but  cannot  be  used  for  telecasting 
because  of  significant  reduction  in  the  number  of  lines  and  distrubance 
of  the  image  format  on  the  screens  of  TV  receivers. 

Video  recording  systems  operating  on  this  principle  have  been 
widely  used  in  the  USA  [26,  27,  28]  because  they  allow  a  rather  simple 
solution  of  the  problem  of  converting  30  frames  of  the  television 
standard  to  2k  film  frames.  In  conformity  with  the  European  standard, 
video  recording  installations  with  trajemiss ion  of  every  second  or  third 
field  have  been  put  in  operation  [25 J.  Attempts  have  also  been  made  to 
create ‘a  system  in  whichthe  selected  field  is  replaced  by  the  neigh-.. l 
boring  field.  The  inevitable  reduction  of  resolution  or  the  decline  in 
the  transmission  of  the  rhythm  of  motion  can  be  considered  a  general 
shortcoming  of  video  recording  systems  of  this  group. 

2.  A  group  of  systems  using  interrupted  film  motion  and  storage 
components  for  storing  information  about  the  image  during  a  field. 

Television  film  projectors  of  this  group  operate  on  tubes  with 
storage  [21,  23 ]j  The  electrical  storage  of  the  tubes  makes  it  possible 
to  establish  conditions  for  independent  operation  of  the  film  transport 
mechanism  and  the  vertical  TV  scan.  Similar  television  film  projectors 
have  been  extensively  used  in  black-and-white  television,  because  they 
allow  the  use  of  standard  film  transport  mechanism  and,  with  the  utili¬ 
zation  of  transmitting  tubes  with  photoresistors,  permit  obtaining  a 
high  quality  of  film  transmission.  The  use  of  this. -method  for  color 
television  film  projection  is  hampered  by  the  irregularity  of  the  image 
background  and  the  complication  of  obtaining  a  temporary  combination  of 
colordivlded  signals  from  three  transmitting  tubes. 

r c.  Video  recording  using  luminophor  afterglow  for  recording  the 
field,  during  which  time  the  film  is  transported,  have  been  used  in  the 
USSR  and  France  [ 11,  12,  16,  17 1.  The  inevitable  narrowing  of  the  bright¬ 
ness  operating  range  of  the  recording  kinescope,  it  being  necessary  at 
the  same  time  to  introduce  modulation  of  the  video  signal  for  equalizing 
the  exposure'  of  adjacent  fields,  must  be  considered  a  shortcoming  of. 
these  systems. 

3.  Systems  in  which  the  film  advance  time  is  reduced  to  the 
duration  of  the  quenching  pulse  [30]. 
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Similar  devices  are  considered  for  practical  application  only  in 
the  case  of  video  recording  on  l6-mm  movie  film.  The  film  transport 
mechanisms  in  these  devices  are  complicated  and  have  a  short  life.  Fa¬ 
ther,  the  quality  of  the  recording  is  poor,  due  to  vibrations  of  the 

film  in  the  frame  window  during  a  fast  stop. 

At  present,  the  use  of  smooth,  film  motion  is  always  accompanied 

by  splitting  of  the  image  by  the  scanning  beam  method.  The  absence  of 
the  problem  of  compatibility  of  color-divided  images,  linearity  oj.  the 
light  characteristic,  stability  of  the  black  level,  and  uniformity  of 
background  make  this  method  more  or  less  indispensable  in  color  tele¬ 
vision  film  projection.  Therefore,  systems  with  smooth  film  motion  will 
be  examined  only  from  the  viewpoint  of  the  utilization  of  scanning  by  a 


scanning  light  beam. 

Before  examining  concrete  systems,  let  us  find  the  law  of  migra¬ 
tion  of  a  scanning  spot  in  the  plane  of  the  frame  window  of  the  TV  film 
projector.  Refer  to  Figure  1.  The  film  moves  evenly  from  bottom  to 
top,  as  shown  by  the  arrow,  at  a  rate  of  25  frames/second. 

Lines  1,  2,  3,  k  represent  the  displacement  of  the  lower  boundary 
of  the  n-th  frame,  the  upper  boundary  of  the  (n  +  l)  frame,  lower  bound¬ 
ary  of  the  (n  +  l)  frame,  etc*,  as  a  function  of  time.  Let  us  assume 
that  at  the  time  instant  t^  scanning  of  the  first  field  of  the  (n  +  1) 


frame  (point  a  on  the  graph)  is  begun.  At  the  end  of  the  time  of  the 
first  field,  the  scanning  spot  should  have  moved  along  the  vertical  to 
the  level  of  the  lower  boundary  of  the  (n  *'l)  frame  (point  b  on  the 
graph).  For  scanning  the  second  field  during  the  field  quenching  pulse, 
the  scanning  spot  should  return  to  the  upper  boundary  of  the  (n  +  l) 
frame  (point  c)  and  finish  scanning  the  second  field  at  the  moment  of 
appearance  of  the  next  quenching  pulse  (point  d).  Then,  in  the  same 
order,  the  (n  +2)  frame  is  scanned,  etc.  From  an  examination  of  the 
graph  it  follows  that  for  interlaced  scanning  of  smoothly  moving  film 
according  to  current  television  standards  in  Europe  and  the  USSR,  the 
vertical  displacement  of  the  scanning  in  the  frame  window  plane 

should  conform  to  the  law  expressed  by  curve  abcdef.  Thus,  at  the  ex¬ 
pense  of  combined  operation  of  vertical  and  horizontal  scans,  two  strict 
identical  half -rasters  (shown  in  Figure  1  on  the  right),  each  of  which 
is  repeated  with  a  frequency  of  25  cycles  and  contains  half  a  scan  line, 
should  be  formed  in  the  frame  window.  , 

Let  us  find  the  basic  sizes  and  mutual  location  of  half-raster. 

The  height  of  half-rasters  (L* )  can  be  determined  (cf.  Figure  l) 

when: 


L'  =  h.  -  C,  (l) 

where  h  ^  is  the  height  of  the  frame  being  transmitted,  and  C  is  the 
distance  through  which  the  film  passes  during  scan  of  active  field  lines 
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Let  us  determine  this  distance: 

C  =  V  (Tp  *  Ti)  =  VTp  (1  -•••  .  -  (2) 

where  V  is  the  film  speed,  Tp  is  the  full  field  time,  and  Ti  is  the 

duration  of  the  vertical  quenching  pulse,  .  ^  . 

-During  scanning  of  the  frame  tape  is  displaced  by  the  magnitude 
of  spacing  of  the  film  (H),  i.e.,  , , . 

V  -  H  '  '  -  (3) 

2  T 

.  p  •-  ;■  -:.r-  ? 


w 

(5) 


■Because  for  the  full  time  of  the  field  the  film  goes  through  clips 
equal  to  one  half  a  film  step,  the  distance  between  the  centers  of  half- 
rasters  (S’)  is  equal  to: 


The  interval  between  half -rasters  will  be: 

A*  =  S’  -  L*  -  H  (1  -  Jl-  Vl)  -  h  k.  (7) 

2  n  " 

■  '  ■  •;  ;  *P  ■*='  : 

The  width  of  tixe  half -raster  (B' )  may  be  determined  as: 

B'  =  h  kK,  ..  (8) 

where  K  is  the  format  of  the  television  image. 

As  is  known,  the  area  of  the  frame  window  of  a  motion-picture 
camera  is  somewhat  larger  than  the  frame  window  of  a  movie  projector, 
which  explains  the  necessity  for  allowances  in  the  inaccuracies  of  a 
frame  stop  in  filming,  copying,  and  projecting.  In  television  the  role 
of  a  limiting  framework  is  played  by  the  framing  of  the  receiver  screen. 
Thus  in  television  film  projection  it  is  desirable  to  transmit  the  area 
of  the  film  frame  defined  by  the  dimensions  of  the  frame  window  of  the 
motion-picture  camera. 


Accepting  in  conformity  with  USSR  standards  [4,  5 ] 


H  -  19  mm;  h  ^  s  ,l6.1  mm; 


0.075;  K  =  _4 
3 


and  substituting  the  indicated  values  in  (  5 ) ,  (6),  (7)#  an<^  (®)>  we 
obtain:  height  of  the  half-raster  in  the  frame  window  plane'  L'  =  7-3  mm, 
distance  between  the  centers  of  half -rasters  ( 'Jump  size)  S  =  9? 5  mm, 
size  of  the  interval  between  half -rasters  A'  -  2.2  mm,  width  of  the 
half- raster  B'  -  21.5  mm. 

Irrespective  of  the  fact  that  the  graph  in  Figure  1  was  considered 
as  applicable  to  the  transmission  of  movie  film,  it  is  evident  that  the 
obtained  law  of  motion  of  the  scanning  spot  is  true  even  for  video  re¬ 
cording  on  smoothly  moving  tape.  This  law  is  only  possible  fon  ncndis- 
torted  reproduction  and  recording  independent  of  how  and  what  kind  of 
equipment  is  used.  Hence  it  can  be  concluded  that  in  the  development  of 
television  film  projection  and  video  recording  systems  it  is  necessary 
to  strive  for  such  a  solution  as  would  permit  the  fulfillment  of  this 
law  with  a  maximum  simplicity  of  design  and  a  high  light-gathering  power 
of  the  device. 

According  to  operating  principl.e,  systems  with  smooth  film  mo¬ 
tion  may  be  divided  into  the  following  basic  groups: 

1.  Systems  in  which  the  smooth  motion  of  the  film  is  compensated 
by  movable  opticomechanical  elements  [l,  8,  14,  18,  19,  24], 

In  the  overwhelming  majority  cf  case  scthese  are  thefilmpraje'eti an  system;: 
with  film  frame  change  by  means  by  gradual  "displacement"  of  xne  image 
of  the  previous  frame  by  the  image  of  the  next  frame.  Such  a  method  of 
frame  change  is  accompanied  by  a  doubling  of  the  scanning  spot,  which 
leads  to  lack  of  sharpness  and  zonal  flickering  which  is  greater  than 
the  time  of  " displacement"  [8] . 

Typical  representatives  of  this  group  are  systems  with  compen¬ 
sators  in  the  form  of  rotating  many-sided  prisms.  The  Philco  tele¬ 
vision  film  projector  can  be  considered  the  best  in  this  group  [8].  In 
it  compensation  is  achieved  by  a  prismatic  crown  being  rotated  by  the 
film  Itself.  In  contrast  to  the  systems  examined  below,  deviations  of 
the  rate  of  film  motion  here  does  not  lead  to  mismatching  in  the  rela¬ 
tive  position  of  the  compensating  element  and  the  film  frame,  and  -con¬ 
sequently  does  not  reduce  the  quality  of  the  image;.  The  latter  circum¬ 
stance,  .  as  well  as  simplicity  of  design,  are  merits  of  this  compen¬ 
sator,  because  they  permit  a  sharp  lowering  of  accuracy  tolerances  in 
manufacturing  mechanical  parts  and  exclude  individual  fits  during  as¬ 
sembly  and  periodic  maintenance. 


The  Philco  compensator  operates  with  a  relative  aperture  of  1:8 
with  light  transmission  of  0.3 6  [8].  The  physical  lens  power  of  the 
system  can  be  found  from  the  well-known  expression 

J  =  T  -Jt  .  cos  (a  '  (9) 

4K2  (1  1  )2  ' 

where  T is  the  light  transmission  factor  of  the  optical  system,  co  is 
the  angle  between  the  axis  of  the  objective  and  the  main  beam  of  the 
band,  K  is  the  denominator  of  the  relative  aperture  of  the  objective, 
and  JL_  is  the  scale  of  the  image.  - 

m  ■  -•s"  ‘ 

The  value  (m)  is  defined  as  the  ratio  of  the  nominal  width  of  the 
raster  on  the  screen  of  the  scanning  tube  ( B)  to  the  width  of  the  half- 
raster  in  the  frame  window  plane  (B1 ).  In  using  Soviet  scanning  tubes 
of  the  l8LK-8Zh  type  B  =  124  mm,  and  consequently: 

m  r  B  =  184  -  5.8. 

b1  21.5  .  V".;.;  V'  . 

Substituting  the  data  of  the  Philco  optical  system  in  (9)  for 
to  :  0,  we  obtain  J  -  1:310. 

The  lpw  light-gathering  power,  the  greater  "displacement"  time, 
and  .'the  inaccuracies,  in  principle,  of  Operation  due  to  a  lack  of 
strict  proportionality  between  displacement  of  the  scanning  beam  and  the 
angle  of  rotation  of  tbe  prismatic  crown,  prohit  the  use  of  this  compen¬ 
sator  in  high-grade  systems. 

Substantially  better  results, are  provided  by  the  "Mechau"  com¬ 
pensator  [8,  18],  the  latest  model  of  which  was  produced  by  A3G  in  1932. 
This  compensator  has  a  shorter  " displacement"  time  and  ensures  the  oper- , 
ation  of  an  objective  with  a  1:2  relative  aperture  with  a  0.37  light 
transmission  factor  of  the  optical  system  [8],  Substituting  in  (9) 
the  data,  presented  above,  when  m.  =  5.8  we  obtain  a  physical  lens  power 
of  J  z  1:19.  A  shortcoming  of  the  "Mechau"  system, is  the  exceptional, 
complexity  of  the  opticomechanieal  section^ which  has  a  large  number  of 
kinematic  parts  with  individual  fits.  • 

Simpler. in  design  is  the  compensator  suggested  by  A.  N.  Tarasov 
and  I.  L.  Sakin  [8].  Compensation  of  film  motion  is  accomplished  by  two  . 
oscillating  mirrors  driven  by  rotating  cams;  •  The  mirror  works  alter-.  > 
nately  so  that  one  of  the  mirrors  compensates  the  motion  of  the  film  . 
and  the  other  mirror  at  the  same  time  covers  the  obturator  and  returns 
to  its  initial  position.  Thus  this  compensator  uses  half  an  operating  ■ 
opening  of  the  objective,  which  is  its  essential  shortcoming.  Despite 
this  fact,  the  compensator  has  comparatively  high  indices.  For  a  3hort 
displacement  time  and  an  optical  system  transmission  factor  equal  to 
0.6,  an  objective  with  a  1:2  relative  aperture,  which  corresponds  to  a 
physical  lens  power  of  J  s  1:23,  is  used  in.it.  A  compensator  of  this 
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type  is  used  in  a  television  movie  projector  designed  and  built  in  one 
of  the  opticomechanical  plants  [8].  The  television  movie  projector  is 
finished  with  a  high  degree  of  accuracy  and  is  guaranteed  to  provide  a 

color  image  of  good  quality.  .  .... 

An  examination  of  the  systems  of  this  group  shows  that  here  a 
high-quality  image  can  be  obtained  only  by  using  designs  whose  manu¬ 
facture  and  operation  are  complicated*  An  essential  shortcoming ^of 
the  systems  is  the  presence  of  distortions  connected  with  the  change 
of  images  being  transmitted  or  recorded  by  means  of  " displacement .  I* 

should  be  noted  that  there  has  been  created  in  England  122],  on  the 
basis  of  the  "Mechau"  system,  an  installation  for  video  recording  which 
lacks  this  shortcoming  because  in  it  the  charge  of  the  compensating 
element  is  accomplished  in  a  time  not  exceeding  the  duration^ of  the 
quenching  pulse.  Attempts  at  creating  a  compensator  with  a  fast  reset 
of  the  compensating  element  are  well  known;  however,  reports  on  the  prac¬ 
tical  utilization  of  similar  devices  for  television  movie  projection  are 
not  to  be  found  in  the  literature.  ^ 

The  advantage  of  the  systems  in  this  group  is  the  possibility  of 
utilizing  them  at  different  TV  and  movie  frame  speeds  (nonsynchronous 
projection),  which  is  extremely  important  as  regards  the  USA  and  Japan. 
Regarding  the  USSR  this  advantage  does  not  have  any  substantial  signifi¬ 
cance.  - 

2.  Systems  with  electronic  and  optical  splitting  i2,  10,  20,  29J* 
In  a  system  with  electronic  splitting,  the  fields  required  for 
accomplishing  interlaced  scanning  are  formed  in: appropriate  scale  di¬ 
rectly  on  the  screen  of  the  scanning  tube,  and  by  an  ordinary  light¬ 
gathering  objective  are  projected  on  the  plane  of  a  frame  window.  The 
law  of  vertical  shifting  of  the  scanning  spot  is  here  realized  by  the 
Joint  operation  of  50- cycle  sawtooth  and  25-cycle  FT-  shape  scanning 
frequency.  The  optical  scheme  of  the  system  consists  of  only  one  ob¬ 
jective,  which  depends  on  small  losses  of  light  and  high  lens  power. 
Computation  shows  that  in  using  a  high-grade  objective  with  a  1:2  rela¬ 
tive  aperature  of  the  physical  lens  power  of  the  system  with  electronic 
splitting  J  =  1:8,  i.e.,  it  significantly  exceeds  the  lens  power  of  the 
systems  examined  above.  ,  _ 

A.  model  of  the  installation  with  electronic  splitting  was  con¬ 
structed  by  the  Television  Department  of  the  Leningrad  Electrical 
Engineering  Institute  of  Communications  [LEIS]  [2].  Transmission  of ^ 
color  movie  films  by  means  of  this  installation  was  done  in  1955*  Also, 
a  number  of  test  video  recordings  of  TV  programs  on  movie  film  were  made. 
Tests  of  the  model  shoved  that  under  laboratory  conditions  a  high-grade  - 
image  can  be  obtained.  Some  shortcomings  of  the  system  are  the  com- 
plexity  of  obtaining  strict  identical  fields  on  the  scanning  tube  screen 
and  the  dependence  of  the  distance  between  centers  of  the  latter  on  the 
total  amplitude  of  the  TF  -shape  scan  and  the  accelerating  voltage.  Com¬ 
putation  shows  that  for  undistorted  reproduction  and  recording,  this 
distance  should  not  deviate  from  the  nominal  by  more  than  (0.1-0.2)$.  . 

The  necessity  of  using  precise  stabilizing  devices  lessens  the  oper¬ 
ational  reliability  of  the  system. 


Systems  with  electronic  splitting  allowing  the  scanning  of  60 
fields  per  second  have  "been  constructed  in  the  USA  and  England.  Non- 
synchronous  projection  is  accomplished  by  running  the  film  at  a  ra\,e  of 
24  frames/second  and  by  transmitting  two  adjoining  movie  frames  by  means 
of  five  television  fields. 

In  systems  with  optical  splitting,  a  Single  narrowed  raster  is 
formed  on  the  screen  of  the  scanning  tube.  From  this  raster  the  light 
is  split  into  two  beams  alternately  creatihgjtwo  images  with  a  frequency 
of  fields  being  aver lapped  by  the  obturator.  Because  of  the  simplicity 
of  their  design  and  high  operational  reliability,  systems  with  optical 
splitting  are  used  widely  in  Western  Europe  for  the  monochrome,  televising 
of  movie  films.  However,  their  utilization  for  video  recording  and 
color  television  film  projection,  is  hindered  by  the  inadequate  lens 
power  of  the  existing  splitting  devices. 

The  television  movie  projector  of  the  EMI  firm  [10]  is  a  typical 
example  of  systems  of  this  type.  Its  splitting  system  consists  of  two 
truncated  lenses  joined; at  the  plane  of  cut.  The  optical  scheme  of  the. 
television  movie  projector  operates  with  a  1:45  relative  aperature  Tilth 
a  light  transmission  of  0.55  E 10  3  which  corresponds  to  a  physical  lens 
power  of  J  =  1:64. 

The  Television  Department  of  the  Leningrad  Electrical  Engineering 
Institute  Of  Communications  proposed  and  developed  a  system  of  television 
movie  projection  and  video  recording  whose  simplicity  of  design  makes 
possible  obtaining  a  high  lens  power  close  to  the  lens  power  of  devices 
with  electronic  splitting. 

The  optical  diagram  of  the  system  is  shown  in  Figure  2.  Its 
operating  principle  consists  in  the  following:  a  raster  with  a  height/ 
width  ratio  of  approximately  li3  is  Imposed  on  the  scan  tube  screen  1. 

The  15ght  beams  from  the  scanning  spot  C  can  strike  the  objective  5  only 
by  reflection  from  the . flat  mirror  4,  because  the  direct  passage  of  light 
is  excluded  by  a  gate  2.  After  the  objective,  the  light  beams  are  re¬ 
flected  from  the  mirror  4'  and  form  in  the  plane  of  the  frame  window 
6  two  images  C'  ana  C"  of  the  scanning  spot  C  staggered  one  to  another 
at  a  half-step  of  the  film.  Obturator  3  with  a  field  frequency  commut¬ 
ates  the  light  flow  so  that  upon  the  scanning  of  one  field  the  upper 
mirror  works  (position  fixed  in  Figure  2);  and  upon  seaming  the  other 
field,  the  lower  mirror  works.  Thus,  in  the  presence  of  a  raster  on 
the  tube  and  the  operation  of  the  obturator  in  the  frame  window  plane  6, 
two  fields  required  for  accomplishing  interlaced  scanning  in  TV  film 
projection  and  video  recording  are  obtained.  At  the  expense  of  combined 
action,  mirror  4  of  the  scanning  tube  is  as  if  doubled,  because  the 
objective  "sees"  two  completely  identical  rasters  in  the  plane  of  its 
screen.  Therefore,  in  contrast  to  systems  with  splitting,  this  system 
'  can  be  called  a  system  with  optical  doubling  of  the  scanning  raster.  In 
the  optical  scheme  examined,  there  is  no  splitting  of  the  light  beam  or 
loss  of  light  as  a  result  of  this.  The  objective  operates  at  full 
opening,  which  specifies  high  optical  efficiency. 
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For  a  quantitative  evaluation -of  the  efficiency  of  this  system 
it  is  necessary  to  determine  its  physical  lens  power.  The  utilization 
for  this  purpose  of  expression  (9)  in  connection  with  the  operation  of 
the  system  by  means  of  oblique  light  rays  leads  to  the  anticipation  of 
high  results,  because  the  expression  does  not  take  into  account  the* 

real  directivity  pattern  of  the  scanning  tubes* 

As  is  known,  in  the  usual  case  the  physical  lens  power  can  be 

determined  by 


where  E  Is  the  luminance  of  the  scanning  spot  in  the  frame  window  plane, 
B0  is  the  brightness  of  the  spot  of  the  scanning  tube  in  the  direction 

of  its  optical  axis.  .  +Vl„ 

Expressing  E  and  BQ  respectively  by  the  luminous  flux  $ 

frame  window  plane  and  the  light  power  IQ  in  the  direction  of  the  optical 

axis  we  obtain 


where  is  the  image  scale. 

For  determining  the  luminous  flux  $  we  shall  use  Figure  3- 
Considering  the  aperture  of  the  scanning  spot  of  the  tube  as  a 
point  light  source,  we  have: 

«  (  a  ).  r  *  ’  1  (  a  )  *  n  (  01  (12) 

where  a  is  the  angle  between  the  main  ray  of  the  beam  and  the  optical 
axis  of  the  system;  I  (  a  )  is  the  light  power  being  radiated  by  the 
scanning  tube  in  the  direction  ay  0.  (  a  )  is  the  solid  ang  e  un  er 
which  is  seen  the  diaphragm  of  the  objective  from  the  center  o 
light  source;  t  is  the  transparency  factor  of  the  optical  system. 

From  expression  (12)  it  is  seen  that  for  determining  luminous 
flux  it  is  necessary  to  know  the  analytic  expression  of  tne  directivity 
pattern  of  emission  of  the  scanning  tube,  i.e.,  the  ratio  o*  I  to  a. 

Besearch  conducted  in  the  Television  Department  oftEIb  13]  shows 
that  the  directivity  pattern  of  the  light  radiation  of  l8LK-8Zh  ype 
scanning  tubes  are  subject  to  the  law 

I  (  a  )  =  I0  *cos  a  •  ^3) 
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In  connection  with  the  fact  that  the  use  of  expression  (13)  for 
practical  calculations  is  hot  suitable  because  Of  the' fractional  ex¬ 
ponent  of  the  power,  we  shall  consider  that  the  given  dependence  can  be 
described  by  the  function: 

I  (  a  )  =  IQ  cos2  a  .  »  (14) 

Thus,  for  working  angles  not  exceeding  -  40°,  the  error  in  calculations 
does  not  go  beyond  the  5$  limit  [3]. 

The  objective  aperture  angle  ft  can  be  expressed  in  the  following 

form: 

ft  (a  )  t  -Jg-  cos3a,  . 

4a2 

where  D  is  the  diameter  of  the  objective  diaphragm,  cc  is  the  anterior 
combined  focal  length. 

Expressing  the  combined  focal  length  by  the  main  focal  length, 
we  obtain: 


ft  (  a  )  =  — 3 —  •  _ •  _ i _ .•  cos  ^  a  (16) 

4  k2  (1.  +  m)2 

where  K  is  the  denominator  of  the  relative  aperture  of  the  objective. 
Substituting  (16)  and  (l4)  in  (12),  we  find: 

IT 

OC  )  -  — 2 -  •  *?  •  ^o  — ~ •  gge cit  (17) 

4  K2  (1+  n)2 

In  determining  the  physical  lens  power  we  shall  use  the  value  of 
the  mean  luminous  flux  by  which  we  understand  the  flux  from  the  position 
of  the  scanning  spot  in  the  center  of  the  raster  (Figure  3)*  Expressing 
by  the  design  dimensions  of  the  optical  scheme,  we  obtain: 

*g  m  :  — l _ '=  l'm  ( 18) ; 

a  f(l  +  m) 

where  f  is  the  focal  length  of  the  objective. 

Because  the  distance  centers  of  fields  consists  of  half  a  film 
space  (H),  from  Figure  3  it  is  evident  that  the  value  1'  can  be  accepted 
as  equal  to  0 . 75H,  and  consequently: 

O.75  Hm 
f  "( 1  +  m) 


tg  a 


m  " 


(19) 


Expressing  cos  a  by  tg  a  and  substituting  (19)  for  {Vj),  we 


find 


$  :  —3 —  •  T  Io*  — 

m  3  K  ^ 


(l  +  m) 


2 


f  (l  +  m) 


(20) 


From  which: 

J 


2  ? 

f  (1  +  m)  +  (0.75  Hm) 


jt _  .  T  .  p  2 

4 


1  1  X 

K2  (it  1  )  2 


(21) 


f  (1  +  m) 


5 


2 

f  2  (1  +  m)2  +  CO. 75  Hm)  , 

where  p  is  reflection  factor  of  the  mirror,  T  is  the  transparency  of 
the  objective.  ' 

Using  the  data  of  the  optical  scheme  of  an  experimental  instal¬ 
lation  (f  -  80  mm;  K  z  2.8;  T  =  :  0.9;  m  =  5*8)  and  accepting  for  the 
mirror  an  aluminum  coated  one  p  -  0*9, '-we  obtain  J  =  1:19*  Thus  this 
system  has  a  significantly  larger  optical  efficiency  than  the  existing 
systems  with  optical  splitting,  ■  and  is  surpassed  only  by  the  system  of 
electronic  splitting.  It  should  also  be  noted  that  the  system  does  not 
exclude  the  use  of  a  more  powerful,  specially  designed  objective. 

An  external  view  of  the  apparatus,  constructed  according  to  the 


principles  examined,  is  shown  in  Figure  4. 

The  design  of  the  installation  provides  for  the  light-proofing 
of  the  film  transport  section  and  consequently  permits  utilizing  the 
system  for  video  recording. 


A  kinematic  diagram  of  the  film- transport  mechanism  is  shown  in 


Figure  5*  The  mechanism  is  constructed  on  the  basis  of  the  SKP-Jl  movie 
projector  converted  to  continuous  film  motion.  The  drive  of  the  mechanism 
is  accomplished  by  a  synchronous  electric  motor  (3/000  rpm).  The  rotation 
by  sprocket  wheels  5/6,  and  20  is  transmitted  by  a  vertical  spindle  and 
worm  gear  couples  l6,  17,  and  18.  Film  tension  between  rollers  5  and*.  6 
is  accomplished  by  a  spring  8  and  a  balancing  device  7*  Stabilization  of 
film  speed  for  a  section  of  film  track  is  produced  by  flywheels  3  and  4 
being  driven  by  smooth  rollers  1  and  2.  The  balancing  device  7  accom¬ 
plished  counterpoised  stabilization.  Natural  oscillations  in  the  system 
are  extinguished  by  air  dampers  13  and  14.  Framing  is  done  by  means  of 
a  crank  11  and  a  spring  10,  which  is  displaced  by  an  eccentric  12. 
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Figure  6  shows  the  tape  .transport  track  of  the  installation,  the 
design  of  the  optical  system,  the  shutter  arrangement,  and  the  electric 
light  converter. 

Conclusions 

1.  Systems  with  interrupted  film  motion  are  poorly  suited  for 
color  TV  film  projection  and  high-grade  video  recording  on  35-mm  movie 
film. 

2.  Opticomechanieal  compensators  are  of  extremely  complex  de¬ 
signs.  Their  use  is  expedient  only  with  a  television  standard  of  30 
frames  per  second. 

3.  For  a  standard  of  25  frames  per  second,  systems  in  which  film 
motion  is  used  in  image  scanning,  i.e.,  systems  not  containing  changeable 
optical  elements,  should  be  considered  the  most  prospective. 

I*.  Among  the  latter  systems  it  is  advantageous  to  note  the  sim¬ 
plicity  and  high  lens  power  of  the  system  with  optical  doubling  of  the 
scanning  raster  developed  by  the  Television  Department  of  LEIS. 
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